Objective The objective of this study was to determine whether the DiaRem, a score that predicts type 2 diabetes (T2D) remission following roux-en-y gastric bariatric surgery (RYGB), also predicts remission following laparoscopic adjustable gastric banding (LAGB) and laparoscopic sleeve gastrectomy (LSG) in white and Hispanic patients. Background While bariatric surgery is highly effective in reversing insulin resistance, there are patients for whom surgery will not lead to remission. To date, there is no score for predicting remission following LAGB or LSG surgery. Additionally, there is little known about how to predict whether Hispanic patients will experience remission. Methods We conducted a retrospective cohort study of white and Hispanic patients with T2D who received bariatric surgery. There were 361 white and 130 Hispanic patients among whom 328 had RYGB surgery, 107 had LSG surgery, and 56 had LAGB surgery. We used age, diabetes treatment, and hemoglobin A1c to calculate DiaRem scores. Mann-Whitney U test was used to determine the association between DiaRem scores and remission. Area under the receiver operant curve (AUC) was used to assess the ability of the DiaRem to discriminate between patients who did and did not remit. Results The DiaRem was associated with partial remission in all surgery types for white and Hispanic patients (Mann-Whitney, p < 0.001). The DiaRem had moderate to high discriminant ability (AUC > 0.70) for all surgical and racial/ethnic groups. Conclusions The DiaRem distinguishes between patients likely and unlikely to experience remission, informing expectations of patients making T2D treatment decisions.
Introduction
Bariatric surgery has emerged as the most effective treatment in reversing insulin resistance in patients with type 2 diabetes (T2D) [1] [2] [3] . Over the past decade, the surgical treatment options for patients with T2D have grown and treatment preferences have changed. There has been a shift in practice pattern away from laparoscopic adjustable gastric banding (LAGB) and roux-en-y gastric bypass (RYGB) to laparoscopic sleeve gastrectomy (LSG) [4] . The literature reports that remission rates, as well as predictors of remission, vary across surgery types [5] [6] [7] . Patients and their doctors are challenged to synthesize these data to determine whether the risks of a specific type of bariatric surgery for a patient outweigh the benefits. The ability to distinguish between patients for whom surgery will and will not induce remission can help to facilitate a more tailored approach to T2D treatment decisions and inform guidelines determining patient eligibility for surgery. To date, there is no method for predicting remission outcomes following LAGB and LSG surgery.
While whites are more likely to undergo bariatric surgery, surgeries have been increasing in other races [8] . The impact of bariatric surgery on metabolic syndrome and excess weight loss has been shown to differ by race/ethnicity [9] [10] [11] . However, little is known about how race and ethnicity impact remission rates [9] [10] [11] . As a consequence of this knowledge gap, there is little guidance for non-white patients considering surgical treatment regarding the likelihood of remission following surgery.
The DiaRem score is a validated score, derived from data readily available in the medical record that has been shown to predict the likelihood a patient will experience remission following surgery RYGB [5, [12] [13] [14] . Despite its predictive ability, the DiaRem is based on data from a largely non-Hispanic white population sample who had RYGB surgery, raising questions about its applicability to other ethnic groups and other surgery types. We used longitudinal medical record data from two distinct health care systems to determine whether the DiaRem score can predict the likelihood of remission following LAGB and LSG and whether it predicts remission in a Hispanic patient population.
Methods
We conducted a retrospective cohort study of patients who received bariatric surgery in one of two health systems: Geisinger Health System or NYC Health + Hospitals/ Bellevue. Geisinger is an integrated health system located in Pennsylvania that services patients across 45 predominately rural counties in Pennsylvania. Geisinger patients who had RYGB, LSG, or LAGB surgery between 2002 and 2014 were included in the study, unless they were part of the sample used for the original development and validation of the DiaRem for RYBG, as previously described [5] . Bellevue is located in New York City and 1 of 11 hospitals in the NYC Health and Hospitals system. Bellevue patients who received surgery between 2008 and 2014 were included in the study. This study was approved by the institutional review boards of the Geisinger Health System and New York University Medical Center/Bellevue Hospital.
Patients from both health systems had to meet the following additional eligibility criteria: T2D prior to surgery, body mass index (BMI) > 35 kg/m 2 , hemoglobin A1c (HbA1c) and BMI values in the medical record before and after surgery, at least 12-months of post-surgical care recorded in the medical record, and diabetes medication data available before and after surgery. We defined T2D according to the American Diabetes Association (ADA) guidelines: fasting blood glucose concentration of more than 7.0% (53 mmol/mol; average blood glucose of 154.41 mg/dL) or HbA1c concentration of more than 6.5% (48 mmol/mol; average blood glucose of 140.04 mg/dL) [15] . Additional confirmation was obtained by examination of the electronic health record for the International Classification of Diseases (9th revision) code for T2D.
DiaRem scores were calculated for all eligible patients. The scoring system is described in detail elsewhere [5] . Briefly, the DiaRem is a weighted score based on the sum of an age score (<40 = 0, 40-49 = 1, 50-59 = 2, 60+ = 3), insulin dependence (no = 0, yes = 10), diabetes medication use (additional 3 points if on sulfonylureas and insulin sensitizing agent other than metformin), and HbA1c (<6.5% = 0, 6.5-6.9% = 2, 7.0-8.9% = 4, 9.0%+ = 6), ranging from 0 to 22 points. Patients were stratified into groups by DiaRem score (0-2, 3-7, 8-12, 13-17, and 18-22).
Remission of T2D was defined according to the ADA's criteria for partial remission (16) . Patients were classified as remitted if they had an HbA1c concentration of less than 6.5% (48 mmol/mol; average blood glucose of 140.04 mg/dL), fasting blood glucose concentrations of less than 7.0% (53 mmol/mol; average blood glucose of 154.41 mg/dL), and no use of antidiabetic drugs for at least 12 months. All information was extracted from the electronic health record systems of the two health care settings.
We used two-sample t tests, chi-square tests, and MannWhitney U tests to compare patient populations across surgical type, ethnicity, and location of surgery (Geisinger vs. Bellevue). The populations were compared on sex (male versus female), age at surgery, race (white, Hispanic, Black), presurgical HbA1c and body mass index (BMI) values, presurgical diabetes medication use (insulin, metformin, other insulin-sensitizing agent, sulfonylureas, other diabetes medications), and DiaRem score.
To determine whether DiaRem score was associated with the likelihood of partial remission, we used the Mann-Whitney U sum test. Next, we estimated the area under the receiver operant curve (AUC) and bootstrap 95% confidence intervals to assess the ability of the DiaRem to discriminate between remitted and nonremitted type 2 diabetes cases. The AUC can range from 1.0 (perfect discrimination) to 0.5 (discrimination equivalent to a coin toss). We estimated AUC using the c-statistic, generated by logistic regression. The Receiver Operator Characteristic (ROC) curves were evaluated to identify the optimal DiaRem score that maximized sensitivity and specificity. Analyses were conducted on all surgery patients, by surgery type, by race/ethnicity, and by surgery/type ethnicity. 
Results
There were 372 Geisinger patients and 148 Bellevue patients who met the study eligibility criteria. Among the eligible patients, 340 had RYGB surgery, 119 had LSG surgery, and 61 had LAGB surgery (Table 1) . RYGB was more commonly performed at Geisinger, accounting for 88% of the RYGB surgeries, while 67% of the LSG surgeries were performed at Bellevue. At least 90% of patients in each of the surgery groups were white or Hispanic. Therefore, analysis was confined to white (n = 361) and Hispanic (n = 130) patients. Among the white patients, 99% were treated at Geisinger. Bellevue treated 97% of the Hispanic patients. We compared patients across surgery types on diabetes control and treatment status at time of surgery. The average HbA1c ranged from 7.2% (55 mmol/L) to 7.5% (58 mmol/L) across surgery types, insulin use ranged from 26% of patients to 36%, and metformin use ranged from 69 to 77% of patients (all p > 0.05). Surgery groups differed by age, ranging from an average of 46.7 years for LSG patients to 53 years for LAGB patients (p = 0.0008). Surgery groups also differed by race, with surgeries in white patients accounting for 86% of RYGB surgeries, 56% of LAGB surgeries, and 30% of LSG patients (P < 0.0001). The race distributions mirrored the distribution of the location of surgery, Geisinger or Bellevue, across surgery types.
We compared white patients and Hispanic patients on the components of the DiaRem at the time of surgery: age, medication use, insulin use, and HbA1c. On average, patients were 46 (Hispanic) and 50 years (White) of age (p = 0.007). White and Hispanic patients had similar treatment profiles at the time of surgery. Hispanic patients had a higher average HbA1c (7.9%, 63 mmol/L) than white patients (7.0, 53 mmol/L) (p < 0.0001). Despite differences in age and HbA1c, the distribution of DiaRem scores across ethnic groups was not significantly different. 
DiaRem Performance in RYGB, LSG, and LAGB Surgery
The DiaRem score was associated with the proportion of patients achieving partial remission within 2 years of surgery in RYBG, LSG, and LAGB surgeries (Mann-Whitney, p < 0.001) (Fig. 1) . Across surgeries, patients with the lowest DiaRem scores were more likely to remit. Among patients with a DiaRem score of 0-2, 84% of RYGB patients, 73% of LSG patients, and 57% of LAGB patients experienced remission, compared to 10% of RYGB patients and 0% of LSG and LAGB patients with a DiaRem score greater than 17. Discriminant ability of the DiaRem was moderate to high (AUC, bootstrap 95% CI) for all surgery types ( The AUC was higher for RYGB (0.858, 0.818-0.898) and LAGB (0.880, 0.775-0.962), than for LSG (0.707, 0.604-0.807). The AUC confidence interval for LAGB did not overlap the confidence interval for LSG, indicating that the DiaRem performs better for LAGB than LSG. The optimal cut-off point, the DuraRem score that maximized sensitivity and specificity, differed across surgery types. RYGB had an optimal cut-off point of 8, LSG was 7, and LAGB was 4. Specificity of these cut-off points was high in all surgery types, while sensitivity ranged from a low of 0.56 for LSG to a high of 0.80 in LAGB.
DiaRem Performance in White and Hispanic Patients
The DiaRem score predicted early remission in both white and Hispanic patients (Mann-Whitney, p < 0.001) (Fig. 2) . Lower DiaRem scores were associated with greater likelihood of remission. Among patients with DiaRem scores of 0-2, 82% of white patients and 74% of Hispanic patients remitted, compared to 13% of white and 0% of Hispanic patients with scores of 18 or greater. The DiaRem had high discriminant ability in both white (0.839, 0.798-0.879) and Hispanic patients (0.790, 0.710-0.861). The optimal cut-off points were similar as well, 7 for white and 8 for Hispanic patients. In both groups, these cut-off points had high specificity and moderate sensitivity.
DiaRem Performance in Three Surgery Types in White and Hispanic Patients
For both white and Hispanic patients, the DiaRem predicted remission for each surgery type (Mann-Whitney, p = 0.05) (Fig.  3a-c) . For each surgery type in white and Hispanic patients, the largest proportion of patients to achieve remission was in patients with a DiaRem score of 0-2, with a steep drop-off in remission for scores above 7. Among white and Hispanic patients who had LAGB surgery, no patients with a DiaRem score between 8 and 22 remitted. Consistent with these findings, the DiaRem had moderate to high discriminant ability for each surgery type in the two race/ethnic groups. In Hispanic patients, the highest AUC was for LAGB (0.947, 0.833-1.00). The AUC confidence interval for LAGB did not overlap the confidence interval for LSG (0.713, 0.582-0.830) in the Hispanic patient population, indicating that the DiaRem performs better for LAGB than LSB in Hispanic patients. The optimal cut-off point was highest (15) in Hispanic patients who had RYGB, while the lowest cut-off points were in white (4) and Hispanic patients (5) who had LAGB.
Conclusion
The DiaRem score predicts the likelihood of T2D remission for RYGB, LAGB, and LSG surgery in white and Hispanic patients. This is the first study to evaluate a score for predicting T2D remission in three surgery types across multiple race/ethnic groups. While bariatric surgery has been shown to be highly effective in reversing insulin resistance, there are a subset of patients for whom surgery is unlikely to result in T2D remission [16] . The DiaRem distinguishes between these patients using data readily available in the medical record, making it a useful and accessible tool for facilitating more informed treatment decisions for patients and physicians considering surgery to treat T2D.
Prior to this study, no tools have been evaluated to predict remission in LSG and LABG surgery. The shift in popularity from RYBG to other surgery types has increased the demand for such a tool [4] . While the DiaRem has consistently proven to predict remission after RYBG surgery, it was unknown whether the DiaRem would predict remission following other types of surgery. Remission rates in the first year after surgery differ across surgery types, with higher rates for RYGB and LSG than LABG [17] . Panunzi and colleagues [6] recently reported that predictors of T2D remission also differ by surgery type. We found that the DiaRem better differentiates remitted and unremitted cases for LABG than LSG in Hispanic patients, but not in white patients. We also observed that the optimal cut-off point for predicting remission varies by surgery type. However, the DiaRem performs well across all three surgery types in both racial/ethnic groups, with high specificity and moderate sensitivity.
Our findings support the use of the DiaRem among both white and Hispanic patients to predict their chances of experiencing remission after surgery. To date, the DiaRem has been validated in primarily non-Hispanic white populations, with the exception of a recent study of 64 patients undergoing RYGB surgery in Brazil [13] . However, the DiaRem had not been validated for other surgery types in a Hispanic population. The risk of T2D among Hispanic adults is 66% higher than it is for non-Hispanic white adults and the incidence and prevalence continues to grow, but the outcomes of bariatric surgery in this population remain poorly understood [18, 19] . Our findings fill some of this gap, informing the expectations of the growing number of Hispanic patients and their doctors seeking T2D treatment options.
The DiaRem is calculated using four variables readily available in most medical records: age, HbA1c, insulin use, and diabetes medications. It is based on a simple algorithm that can be used by patients at home or during clinic visits in real-time. The DiaRem variables were identified by Still and colleagues [6] from among 259 clinical variables as the most predictive of remission after RYGB surgery. Other studies have identified alternative predictors of T2D remission, including duration of diabetes, fasting glycemia measures, and C-peptide levels [6, 20, 21] . Differences across studies are, in part, due to differences as to what variables were evaluated. To our knowledge, the DiaRem is the first score to be evaluated across three surgery types in two racial/ethnic groups and was shown to perform well in all groups.
The DiaRem score notably does not include body mass index (BMI), one of the primary criteria used to determine surgery eligibility [22] . BMI was excluded based on analysis used for the development of the DiaRem that found that BMI was not predictive of remission, a finding that has been since reported by others [6] . Our study adds to the mounting evidence that there are factors, in addition to BMI, that should be considered when determining eligibility for bariatric surgery to ensure that patients likely to benefit from surgery are not denied this potentially life-saving treatment option [1, 5, 6, 23] .
The frequently touted effectiveness of bariatric surgery on T2D over other treatment strategies does not reflect the reality that for some patients, there is almost no chance of experiencing remission [16] . This observation should not detract from the other potential benefits of surgery (e.g. weight loss, cardiovascular benefits), as these benefits can occur in the absence of diabetes remission. The DiaRem is limited to predicting remission but has not been assessed for its ability to predict these other important surgical outcomes. However, for patients pursuing surgery for the purposes of treating their T2D, the DiaRem gives patients more than an average remission rate; the DiaRem provides a tailored prediction of remission, based on the patient's age and diabetes severity and treatment profile.
This study has some limitations. First, this was an observational study using retrospective data from two institutions. The institution where the surgery occurred was highly correlated with race/ethnicity and surgery type, making it possible to separate race/ethnicity, surgery type, and institutional effects. A study of institutions that have greater diversity in race and surgery type would facilitate the analysis necessary to parse race/ethnic, surgery type, and institutional effects on DiaRem performance. A second limitation is incomplete data on the different heritage groups within the Hispanic population. Prevalence of T2D differs across some Hispanic populations [24] . It is not known whether response to T2D differs as well. It was not possible, given our limited sample size and degree of missing data on Hispanic heritage, to evaluate how the DiaRem performs in these populations. Finally, this study evaluated the performance of the DiaRem for short-term remission of T2D. The DiaRem has been shown to predict prolonged T2D remission, remission lasting at least 5 years, for RYGB [25] . Future research should determine the degree to which the DiaRem predicts prolonged remission for other surgery types and ethnic groups.
The DiaRem leverages four data elements readily available in the medical record to predict whether a patient will experience remission following bariatric surgery. The DiaRem informs targeted treatment decisions for white and Hispanic patients considering the range of surgical treatments available to treat their T2D. Moreover, the DiaRem identifies patients most likely to benefit from surgery, information highly relevant to the ongoing debate regarding the eligibility requirements for bariatric surgery.
